INTRODUCTION
============

Kidney is the main site of endogenous L-arginine synthesis ([@B1], [@B2]). L-arginine used in the protein synthesis is a material for transport, storage and excretion of nitrous products. Especially, L-arginine is main substance of guanidine products such as creatinine and methylguanidine which are considered as uremic toxins. All of these L-arginine metabolites are involved in renal pathophysiology.

Nitric oxide (NO), as a secondary messenger, is formed in the process of oxidation of L-arginine guanidine nitrogen to L-citrulline in cytoplasm. The role of NO in kidney is of importance not only in the modulation of renal hemodynamics but also in the regulation of renal tubular and glomerular functions ([@B3]-[@B5]). However, inducible nitric oxide synthase (iNOS) pathways which exist in the glomerular mesangial cells, the monocyte, the macrophage and vascular smooth muscle cells are activated by various cytokines in pathologic conditions. The iNOS, induced by many cytokines such as interleukin-1, tumor necrosis factor and lipopolysaccharide, is a mediator to outside injury or inflammation in immune defense mechanism ([@B6]). Excess NO is locally formed and damages the kidney. The NO produced by excess arginine as well as the creatine and methylguanidin is the major factor to kidney injury ([@B7], [@B8]).

More and more attentions have been paid to the protective effects of natural antioxidants against drug-induced toxicities especially when free radical generations are involved. Tea has many advantages over chemicals since it contains several antioxidants including polyphenols of catechin and theaflavin ([@B9]). Green tea has received a lot of attention owing to its role as an antioxidant and free radicals scavenger ([@B10], [@B11]). It is well known that green tea has anti-cancer, anti-diabetics and anti-hypertensive actions in the clinical studies ([@B12]).

In this study, we investigated the antioxidative effects of green tea extract on human mesangial cells with L-arginine induced toxicity.

MATERIALS AND METHODS
=====================

Green tea extract (GTE)
-----------------------

GTE was prepared from a hot-water extract of green tea (Boseong, Gwangju, Korea) as described by Maity et al. ([@B13]). Ten g of green tea leaves were soaked in 100 mL of boiling distilled water for 5 min and filtered.

Cell line and culture
---------------------

Human mesangial cell line SV 40 MES 13 (ATCC catalog number CRL-1927) were cultured in Dulbecco\'s modified eagle medium (DMEM) containing 10% fetal bovine serum (Gibco, Carlsbad, CA, U.S.A.), guanidine 2 mM/L, benzylpenicillin 100,000 U/L, streptomycin 0.1 g/L, human transferrin 2.5 kg/L, sodium selenita 5 µg/L in 5% CO~2~ incubator at 37℃.

Mesangial cell preperation
--------------------------

Mesangial cells were cultured with 1×10^4^ density in 96-well microplates. The mesangial cells were divided into four groups. In group A (control group), mesangial cells were cultured without L-arginine, and group B (L-arginine group), L-arginine was given 100 µM/L on 200 µL media with dilution ratio of 4:1. In group C (iNOS inhibitor group), mesangial cells were cultured with L-arginine 100 µM/L with serial dilution plus iNOS inhibitor (L-NAME, 3, 4, and 5 mM/L). In group D (GTE group), mesangial cells were cultured with L-arginine 100 µM/L with serial dilution plus GTE 0.1g (10, 20, and 30 µL) with 10 mL PBS (NaCl 8.0, KCl 0.2, Na~2~HPO~4~·12H~2~O 3.58, and KH~2~PO~4~ 0.24 g/L). The mesangial cells were cultured for 48 hr.

Cell viability assay
--------------------

Cell viability of mesangial cells was measured by 3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay. The incubation medium was completely aspirated upon treatment with L-arginine 0, 26, 33, 41, 51, 64, 80, and 100 µM/L for 2 days and medium was completely removed. The MTT-formazon was added to the cells, and further incubated for 4hr at 37℃. The cells were washed out, and then lysed with 100 µL of fresh dimethyl sulfoxide (DMSO). The absorbance was calculated at 540 nm (A~540~) using a microplate autoreader (Bio-TEK Instruments, Winooski, VT, U.S.A.).

NO measurement
--------------

Tissue nitrite (NO^-^~2~) and nitrate (NO^-^~3~) were assessed as an index for NO production. Total NO (nitrite plus nitrate) was measured after conversion of nitrate to nitrite by nitrate reductase. The method for measuring nitrite and nitrate levels was based on the Griess reaction ([@B14]) and determined by Hsp60 ELISA kit (StressXpress™, Stressgen Biotechnologies Corp., Victoria, BC, Canada).

iNOS mRNA expression by reverse transcription polymerase chain reaction (RT-PCR)
--------------------------------------------------------------------------------

Total RNA was isolated from mesangial cells using the TRIzol one step method (Gibco, Bethesda, MD, U.S.A.). One µg of total RNA was heated at 70℃ for 10 min and reversely transcribed using reverse transcriptase 200 U (Promega, Madison, WI, USA). The mixture was then incubated at 37℃ for 60 min, heated at 95℃ for 10 min and stored at -20℃ until use. Selected sequences in 5 µL aliquots of cDNA were amplified by PCR 32 cycles using primers for iNOS and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as an internal standard. Cycles consisted of 45 sec of denaturation at 95℃, 45 sec of annealing at 63℃, 1 min of extension at 72℃, followed by 7 min of elongation at 72℃. Primers were designed with computer assistance according to the gene bank. The sequence of the primers are as follows; iNOS sense primer 5\'-AGC ATC ACC CCT GTG TTC CAC CA-3\', and iNOS anti-sense 5\'-TGG GGC AGT AGT CTC CAT TGC CA-3\', (Genemed Synthesis Inc., South San Francisco, CA, U.S.A.); GAPDH sense 5\'-CCA TCA CCA TCT TCC AGG AGC GAG-3\', and GAPDH antisense 5\'-TGC CAG TGA GCT TCC CGT TCA GCT C-3\'. The iNOS cDNA was normalized by comparison with GAPDH cDNA.

Western blot analysis
---------------------

iNOS protein expression was determined by western blot analysis. For the detection of iNOS protein, cells were harvested and incubated for 20 min on ice in lysis buffer and were centrifuged at 14,000 rpm for 20 min.

The samples were subjected to the 10% polyacrylamide gels and transferred to a nitrocellulose membrane at 20 V overnight. Membranes were incubated with anti-iNOS antibodies (1:1,000, Sigma, St. Louis, MO, U.S.A.) for two hours at room temperature. The membranes were then incubated with a conjugated horseradish peroxidase anti-mouse antibody (R&D system, Minneapolis, MN, U.S.A.) for two hours. They were exposed to a radiography film by LumiGLO chemiluminescent substrate and band density were detected by densitometry (LabWorks 4.0, UVP Inc., Upland, CA, U.S.A.).

Statistical analysis
--------------------

Results are expressed as the means value±SD. Differences between the control and the experimental groups were analyzed using the Mann-Whitney test and the Kruskal-Wallis test (SPSS, Statistical Package for Social Science 10.0). *p* values of \<0.05 were considered significant.

RESULTS
=======

Toxicity of L-arginine on mesangial cell proliferation
------------------------------------------------------

L-arginine (26, 33, 41, 51, 64, 80, and 100 µM/L) significantly inhibited human mesangial cells proliferation in a concentration-dependent manner compared with that of control group ([Fig. 1](#F1){ref-type="fig"}).

Effect of iNOS inhibitor on L-arginine induced mesangial cell toxicity
----------------------------------------------------------------------

Treatment with L-NAME (iNOS inhibitor, 3, 4, and 5 mM) significantly inhibited the anti-proliferative effect of L-arginine (51 µM/L) in a concentration-dependent manner ([Fig. 2](#F2){ref-type="fig"}).

Effect of GTE on L-arginine induced mesangial cell toxicity
-----------------------------------------------------------

To determine whether TGE blocks L-arginine-induced toxicity in mesangial cell, cells were cultured with L-arginine treated with GTE. Treatment with GTE (10, 20, and 30 µL) significantly inhibited the anti-proliferative effect L-arginine in a concentration-dependant manner ([Fig. 3](#F3){ref-type="fig"}).

Expression of iNOS mRNA by RT-PCR in mesangial cell
---------------------------------------------------

The expression of iNOS mRNA was significantly higher in the L-arginine group than in the control group and lower in the L-NAME group than in the L-arginine group (*p*\<0.05). GTE had no effect on the expression of iNOS mRNA ([Fig. 4](#F4){ref-type="fig"}).

Expression of iNOS protein by Western blot analysis in mesangial cell
---------------------------------------------------------------------

Total amount of iNOS protein expression was significantly higher in the L-arginine group than in the control group and was lower in the L-NAME group than in the L-arginine group (*p*\<0.05), but was not reduced in the GTE group ([Fig. 4](#F4){ref-type="fig"}).

Concentration of NO
-------------------

Treatment with L-arginine caused a significant increase in the concentration of NO versus the control group (0.139±0.047 µM/g vs. control 0.047±0.026 µM/g, *p*\<0.01). Increases in NO concentration reduced by L-arginine were significantly suppressed by L-NAME (0.049±0.022 µM/g, *p*\<0.01) and by GTE (0.052±0.032 µM/g, *p*\<0.01, [Fig. 5](#F5){ref-type="fig"}).

DISCUSSION
==========

Our study revealed that excess L-arginine inhibited the proliferation of mesangial cells by increasing the productions of NO and iNOS. We investigated the effects of GTE on L-arginine-induced cytotoxicity in the mesangial cell, and found that GTE protected the human mesangial cells from L-arginine-induced cytotoxicity by scavenging the NO.

Green tea is produced from the dried leaves of the plant *Camellia sinensis* and contains several polyphenolic components, such as, (-)-epigallocatechin 3-O-gallate (EGCG), (-)-gallocatechin 3-O-gallate, (-)-epicatechin 3-O-gallate, (-)-epigallocatechin, (+)-gallocatechin, (-)-epicatechin, and (+)-catechin ([@B15]). In this study, the components of GTE were EGCG (28% by weight), epigallocatechin (15%), gallocatechin (15%), gallocatechin gallate (10%), epicatechin (7%), epicatechin-3-gallate (5%), catechin (4%). EGCG, the main polyphenol in green tea, has been suggested to participate in the elimination of the uremic toxins, and thus, ameliorate renal disorders ([@B10]). The mechanisms of green tea polyphenol were suggested as follows. First, green tea polyphenols increase the bioactivities of superoxide dismutase (SOD) and glutathione peroxidase, which inactivate free oxygen radicals like O~2~^-^. Furthermore, because O~2~^-^ can react with NO by forming ONOO~2~^-^, green tea polyphenols may reduce NO loss and maintain NO physical function ([@B16], [@B17]). Second, green tea polyphenol may inhibit the synthesis of thromboxane A~2~ (TXA~2~) and leukotrienes ([@B18]). The potent vasoconstrictive effects of TXA~2~ and leukotrienes contribute to the activation of the renin-angiotensin system. There are intrarenal angiotensin II deposits and excessive expression of angiotensin II type I receptor expression has been observed in the renal medulla ([@B19]). Future studies are needed to demonstrate the other mechanisms, such as effects of renin-angiotensin systems, of GTE in vitro and vivo.

Excessive dietary arginine evokes renal failure by increasing the production of NO in the kidney. Lui et al. ([@B20]) showed that L-arginine could exert in inhibitory effect on the proliferation of human mesangial cells and the production of extracellular components. In the present study, the administration of excess L-arginine inhibited the proliferation of mesangial cells and increased the concentration of NO. Noris et al. ([@B21]) reported that arginine levels and NO synthesis were higher in uremic patients than in healthy volunteers, suggesting an explanation for the increased NO synthesis in uremia. Also, in the present study, combined NO~2~^-^ and NO~3~^-^ levels was higher in arginine-given mesangial cells than in arginine-free mesangial cells. It raises the possibility that the increase in NO production may be attributable to dietary arginine and that it may cause renal injury.

Therefore, green tea polyphenol suppresses the production of NO and it would be expected to ameliorate the renal injury induced by excessive arginine. Furthermore, green tea polyphenol has a potent scavenging effect through the inhibition of oxidative stress-induced apoptosis in cell culture ([@B22]). Yokozawa et al. ([@B23]) suggested that excessive arginine affected the activity of antioxidative enzymes in the renal peroxisomes and the reductions in the SOD and catalase activities induced by arginine imply that oxygen-derived free radicals were generated and the biological defense system was weakened but the administration of green tea polyphenol increased the activities of SOD and catalase. In the present study, GTE increased the inhibited proliferation of mesangial cells by L-arginine and suppressed the increase in NO concentration after L-arginine treatment.

In summary, GTE might play a crucial role of NO inhibition as free radical scavenging effect rather than iNOS inhibition. In addition, it was found to ameliorate anti-proliferative effect of L-arginine in mesangial cells, which suggests that GTE, and probably its polyphenols, can protect renal cells against oxidative injury. Future studies are needed to demonstrate the antioxidant effects and other effects of GTE on renal diseases.
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![Toxicity of L-arginine on the proliferation of human mesangial cells. Cell viabilities were measured by MTT assay. Indicated amount of L-arginine were added to mesangial cell for 48 hr (n=10 wells. Values expressed as mean±SD. ^\*^*p*\<0.05 and ^†^*p*\<0.01 as compared to control group. OD, Optical density.](jkms-24-S204-g001){#F1}

![Effect of iNOS inhibitor (L-NAME) on L-arginine induced human mesangial cells toxicity (96-well microplates). Cell viabilities were measured by MTT assay. Mesangial cells were treated with indicated amounts of L-arginine in the presence and absence of iNOS inhibitor (L-NAME, 3 mM/L, 4 mM/L, and 5 mM/L) for 48 hr (n=9 wells). Values expressed as mean±SD. ^\*^*p*\<0.05 as compared to L-arginine group. OD, Optical density.](jkms-24-S204-g002){#F2}

![Effect of green tea extract on proliferation of human mesangial cells (96-well microplates). Cell viabilities were measured by MTT assay. Mesangial cells were treated with indicated amounts of L-arginine in the presence and absence of GTE (10 µL, 20 µL, and 30 µL) for 48 hr (n=9 wells). Values expressed as mean±SD. ^\*^*p*\<0.05 and ^†^*p*\<0.01 as compared to L-arginine group. OD, Optical density.](jkms-24-S204-g003){#F3}

![The expression of iNOS mRNA and its protein in human mesangial cells by RT-PCR and Western blot. (**A**) Mesangial cell pretreated with L-arginine were cultured with iNOS inhibitor (L-NAME) or GTE and were analyzed by RT-PCR for iNOS mRNA. M, molecular marker; C, control; A1, L-arginine 25 µM/L; A2, L-arginine 50 µM/L; A3, L-arginine 100 µM/L; I, iNOS inhibitor 5 mM; G1, GTE 10 µL; G2, GTE 20 µL; G3, GTE 30 µL. (**B**) Mesangial cell pretreated with L-arginine (50 µM/L) were cultured with iNOS inhibitor (L-NAME, 5 mM) or GTE (30 µL) and were analyzed by Western blot. C, control; A, L-arginine 50 µM/L; A+I, L-arginine 50 µM/L+iNOS inhibitor 5 mM; A+G, L-arginine 50 µM/L+GTE 30 µL.](jkms-24-S204-g004){#F4}

![Concentration of NO (nitric oxide). Mesangial cell pretreated with L-arginine (50 µM/L) were cultured with iNOS inhibitor (L-NAME, 5 mM) or GTE (30 µL) and were analyzed by NO ELISA kit. ^\*^*p*\<0.01 as compared to control group; ^†^*p*\<0.01 as compared to L-arginine group.](jkms-24-S204-g005){#F5}
